Introduction
The exact analytical solution of Schrodinger equations for a class of trigonometric shape invariant potentials are only possible if the angular momentum l=0 . However, for ≠ 0 , the Schrodinger equation can only be solved approximately for different suitable approximation scheme. One of the suitable approximation scheme is conventionally proposed by Greene and Aldrich. [1] [2] The approximate bound state solutions of Schrodinger equation with exponential-line potential such as Eckart potential, Hulthen potential, and Rosen Morse potential have been intensively investigated by some authors. [3] [4] [5] [6] It is well known that these solutions play an essential role in the relativistic and non-relativistic quantum mechanics for some physical potentials of interest.
Recently, conciderably efforts have been paid to obtain the exact solution of non-central potentials. There are only a few potentials for which the Schrodinger equation can be solved exactly. In general, one has to resort to numerical techniques or approximation schemes. For many quantum mechanical systems, most approximation methods used are shifted 1/N expansion, WKB method, perturbation method, supersymmetric quantum mechanics and idea of shape invariance, etc. Although some methods produce eigenvalues easily but give complicated eigenfunctions.
In recent years, numerous studies have been made in analyzing the bound state of charged particle moving in a vector potential and a non-central scalar potential, such as an electron moving in a Coulomb field with simultaneously precence of Aharonov-Bohm field [7, 8] , or/and magnetic monopole [9] , Makarov potential [10] or ring-shaped-oscillator potential [11] [12] [13] [14] [15] , etc. In most of these studies, the eigenvalues and eigenfunctions are obtained using separation variables in spherical coordinate system. Very recently, supersymmetric quantum mechanics with the idea of shape invariance [16] [17] [18] , factorization method [14] [15] [16] [17] [18] [19] , and Nikiforov-Uvarov method [20] [21] are widely used to derive the energy spectrum and the wave function of a charge particle moving in non-central potential In this paper we will attempt to solve the Schrodinger equation for trigonometric Scarf potential plus trigonometric Poschl-Teller non-central potential using Nikiforov-Uvarov (NU) method. [20] The trigonometric Scarf potential is also called as generalized Poschl-Teller potential [22] . The NU method, that was developed by Nikiforov-Uvarov [20] , was used and applied by reducing the second order differential equations to the hypergeometric type equation by a suitable change of variable.The trigonometric Scarf potential and trigonometric Poschl-Teller play the essential roles in electrodynamics interatomic and intermolecular forces and can be used to describe molecular vibrations. Some of these trigonometric potential are exactly solvable or quasi -exactly solvable and their bound state solutions have been reported. [23] [24] [25] [26] This paper is organized as follows. In section 2, we review the Nikiforov-Uvarov method briefly. In section 3, we find the bound state energy solution and radial wave function from the solution of the radial Schrodinger equation, and the angular wave functions are derived in section 4. A brief conclusion is presented in section 5.
II. Review Of Nikiforov-Uvarov Method
The one-dimensional Schrodinger equation of any shape invariant potential can be reduced into hypergeometric or confluent hypergeometric type differential equation by suitable variable transformation [3, 4, 15, 17] . The hypergeometric type differential equation, which can be solved using Nikiforov-Uvarovmethod is presented as
where and ( ) are polynomials at most in the second order, and ( ) is first order polynomial. Equation (1) can be solved using separation of variable method which is expressed as
By inserting equation (2) into equation (1) we get hypergeometric type equation as
and is a logarithmic derivative whose solution is obtained from condition
where the function ( ) and the parameter are defined as
The value of k in equation (5) can be found from the condition that under the square root of equation (5) have to be square of polynomial which is mostly first degree polynomial and therefore the discriminate of the quadratic expression is zero. A new eigenvalue of equation (3) 
where = + 2 , (8) The new energy eigenvalue is obtained using equation (6) and (7). To generate the energy eigenvalues and the corresponding eigenfunction, the condition that
The solution of the second part of the wave function, y n (s), is connected to Rodrigues relation [15] which is given as = ( ) ( )
whereC n is normalization constant, and the weight function ( ) satisfies the condition
The wave function of the system is therefore obtained from equation (4) and (9).
III. Solution Of Schrodinger Equation For Trigonometric Scarf Potential Combined With Trigonometric Poschl-Teller Potential Using Nu Method
The non-central potential which is combination of trigonometric Scarf potential and trigonometric Poschl-Teller non-cental potential given as 
> 0, is related to range of the trigonometric Scarf potential with the unit of the inverse of length, 0 < < , > 1 , > 1 and 0 ≤ ≤ . Trigonometric Scarf potential is potential model that used to describe the behavior quark-gluon dynamics. [25] The three dimensional time-independent Schrodinger equation for trigonometric Scarf potential [11, 14] combined with trigonometric Poschl-Teller non-central potential is 
The three dimensional Schrodinger equation expressed in equation (12) is solved using variable separation method by setting , , = ( ) so we get 
From equation (13) we get three differential equations with single variable as following: 
The Solution Of Radial Wave Function
By setting the new wave function = ( ) into equation (14a) we get The conventional approximation for centrifugal term [1] obtained for <<<1 is . By substituting equation (17) into equation (16) we obtain (18), which is inspired by variable transformation in SUSY WKB [14] , then equation (18) 
Since the expression under the square root in equation (22) is quadratic expression with variable s and it has to be square of first degree polynomial, then it can be rewritten as 
To fulfill the requirement that ′ < 0 where = + 2 lead us to make a choice of in equation (26) 
From equation (27) we obtain the values of p 2 as 
By inserting equations (16) 
and so we get the usual energy spectra of trigonometric Scarf potential given as
(38) The energy spectrum of the trigonometric Scarf potential for l = 0 is in agreement with the result derived using Supersymmetric QM. [26, 27] The energy eigenfunctions are obtained using equations (4), (9) , and (10). By inserting equations (21) and (31) into equation (10) we obtain the weight function ( )
and after integrate it we get
(39) The first part of the energy eigenfunction obtained by inserting equations (21) and (28) 
The second part of the wave function is obtained using Rodrigues relation expressed in equations (9) . By substituting equations (21) and (39) into equation (9) we get ( , ) ( )
Since
then from equation (42) we obtain the normalization constant of the wave function as
For l = 0, equations (42a) and (42b) become = − The nergy spectrum calculated using equation (52) are listed in Table 2 . The energy eigenvalues in equation (52) and the complete radial wave function expressed in equation (45) both as a function of and parameters and in turn the and parameter depend on the value of potential parameters, a and b, and also orbital momentum number l therefore both the energy spectrum and the radial wave functions are function s of potential's parameters and orbital quantum number. The radial wave functions reduce to the wave function for Scarf potential plus centrifugal term by the absent of Poschl-Teller potential. The Jacobi polynomials and the radial wave functions with/without the presence of Poschl-Teller potential are listed in Table 1 . 
The form of equation (50) is similar to the equation (1) for 2 (58b) By using equations (6), (7), (56), (57), and (58) we obtain the new eigenvalues (63) The weight function for the second part of the wave function obtained by using equations (10), (51a) and (58b) is
(64) By using equations (9), (10) and (64) 
where , is the Jacobi polynomial, and = (−1) 2 !, = 2 , = 2 (66) From equations (2), (63) and (65) 
The total wave function of the system is obtained from equations (45), (49), (67), and (71) and is given as 
The first and second order of Jacoby polynomials with and without the presence of Poschl-Teller potential determined analytically using equations (73b) and (73c) and its corresponding polar wave function are presented in Table 2 term causes the increase of the orbital quantum number thus change the degeneracy number. [28, 29] IV.
Result And Discussion
The presence of Poschl-Teller non-central potential simultaneously with Scarf potential causes increases the orbital quantum number and decreases the energy levels of Scarf potential. By setting = = = 0 the energy spectrum and the radial wave function of the non-central potential reduces to the energy spectrum and wave function of Scarf potential. For = = 0 the angular wave function of Scarf potential with Poschl-Teller reduces to associated Legendre polynomials with l and m differed by even numbers. Both the radial or angular wave functions are expressed in Jacobi polynomials and the angular wave function is normalized. It may be concluded that there is an effect of the presence of Poschl-Teller potential to the system governed by Scarf potential, therefore the Poschl-Teller non-central potential can be considered as the perturbation part.
V. Conclusion
It has been shown that the Schrodinger equation of Scarf potential with Poschl-Teller non-central potential is solved approximately using Nikiforov-Uvarov method with suitable coordinate transformation. The energy spectrum of the system is obtained in the closed form and the radial and angular wave function is expressed in Jacobi polynomials. The presence of Poschl-Teller non-central potential causes the decrease in energy spectrum of Scarf potential and increases the orbital quantum number.
